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(54) Image generating apparatus and method of generating an image. 

(57) The present invention provides an image 
generating apparatus used in the field of image 
processing such as Computer Graphics. The 
image generating apparatus comprises an input 
unit for setting data related to a shape of each 
polygon, an attribute-data-setting unit for set- 
ting physical-property attribute data of the poly- 
gons, a view-point-data setting unit for setting 
data related to a view point, a boundary-box- 
dividing unit for dividing a boundary box en- 
closing all the polygons into a set of voxels of 
equal-size with parameters for the boundary 
box and a linear conditional expression, a seg- 
ment buffer for registering intersection data per 
segment for each light source consisting of a 
thread of a processor assigned for each seg- 
ment on one polygon and a ray-intercepting 
polygon at the time of intensity computation per 

2| Pixel, and an intensity computing unit for 

^ checking an intersection with the registered 

^ ray-intercepting polygon first when computing 

O an adjacent pixel in the same segment 

O 
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BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to an image gener- 
ating apparatus used in the field of image processing 
such as CG(Computer Graphics) for generating a re- 
alistic image at a high speed, and to a method thereof. 

(2) Description of the Related Arts 

There has been increasing demands for techni- 
ques to improve image qualities in the field of image 
processing such as CG(Computer Graphics). Accord- 
ingly, a variety of algorithms have been developed to 
generate a realistic image based on object's physical 
phenomena, such as light reflection or transmission, 

Conventionally, methods called "Gouraud shad- 
ing" and "flat-shading" are applied; however, methods 
called radiosity" and "ray-tracing", which handle 
specular reflections and shadows caused by one ob- 
ject to the others in an arbitrary boundary box, have 
been developed recently. 

"Radiosity" is a method to reproduce shadows by 
computing a thermal energy propagation per pixel. A 
form factor is computed by a process called "hemi- 
cube" which uses a technique called "z-buffering" or 
a process called "ray casting" which checks the inter- 
section between a ray emanating from a light source 
and objects being modeled, or so-called polygons de- 
fining the objects' spatial-occupancies; the latter ex- 
cels the former in the resulting image qualities. 

"Ray-tracing" is a method to reproduce ray trans- 
mission and shadows by defining reflection and 
transmission factors of the object's surface, and thus 
this method is effective in reproducing an object with 
curved surfaces, such as an automobile, in a realistic 
image. The ray-tracing algorithms begin with "hidden- 
surface-removal": firstly, polygons enclosed in an ar- 
bitrary boundary box are projected on a screen as a 
2D scene based on supplied data related to a view 
point as to its location, view direction, and zoom an- 
gle; secondly, a ray is fired from the center of the pro- 
jection through each pixel on the screen to check the 
intersection between the ray and all the polygons in 
the arbitrary boundary box, and polygons that do not 
intersect with any other polygon relative to the rays 
are determined to be visible surfaces; finally, intensi- 
ty on each pixel in the visible surfaces is computed by 
taking into account both a direct ray emanating from 
each light source and reflections from the other poly- 
gons. 

Given that both methods compute the intensity 
on each pixel, the qualities in the resulting image are 
significantly improved. However, the computation 
per pixel involves a massive amount of computation, 
and thus it takes quite a long time, in particular, when 
only a single processor is equipped with the appara- 



tus. The time can be saved by parallel-processing 
with a plurality of processors, but only Nmitedly due 
to a corresponding increase in expense for hardware. 
Therefore, parallel with the demands for improving 
s the image qualities, the demands for a technique 
such that speeds up the intensity computation either 
by a serial- or parallel- processing have been increas- 
ing as well. 

10 SUMMARY OF THE INVENTION 

Accordingly, the present invention has an object 
to provide an image generating apparatus capable of 
computing intensity across visible surfaces with less 
15 computation amount without despairing the image 
qualities. 

The present invention has another object to pro- 
vide a rational method of computing the intensity 
used in the image generating apparatus. 

The above objects are fulfilled by all image gen- 
erating apparatus for generating a realistic 2D image 
using a 3D model constructed by a computer. The im- 
age generating apparatus comprises a 3D model div- 
iding device for dividing a 3D model of an object into 
a plurality of polygons to define a spatial-occupancy 
of the 3D model, a light-source-data setting device for 
setting data related to at least one light source that il- 
luminates the polygons, a view-point-data setting de- 
vice for sett ing data related to a view point from which 
some of the polygons visible from the view point are 
observed, and an intensity computing device for com- 
puting intensity across the visible polygons with the 
use of the light source data and the view point data, 
wherein the intensity computing device includes a 
checking unit for dividing each polygon into a plurality 
of segments to check whether or not a ray emanating 
from the light source through a sample pixel selected 
sequentially from the pixels in each segment is inter- 
cepted by any other polygon, an intersection-data 
registering unit for registering data identifying the ray- 
intercepting polygon as intersection data each time 
such a ray-intercepting polygon is checked by the 
checking unit for the sample pixel, a checking control 
unit for checking ray-interception by the registered 
polygons for the sample pixel by the checking unit for 
a first pixel other than the sample pixel first to select 
a second pixel other than the sample and first pixels 
by skipping the ray-interception check for the first pix- 
el when a ray emanating from the light source through 
the first pixel is also intercepted by any of the regis- 
tered ray-intercepting polygons, and then to check 
the ray-interception check by non-registered poly- 
gons for the first pixel when the ray emanating from 
the light source through the first pixel Is not Intercept- 
ed by any of the registered polygons, and a ray-trac- 
ing unit for tracing a reflection of a second order from 
the sample pixel when the checking unit checks no 
ray-intercepting polygons relative to the sample pixel. 
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The checking unit may divide the polygon into a 
set of the segments along a scan line to select an ad- 
jacent pixel one after another from the pixels along 
the scan line. 

The intersection-data registering unit may in- 
clude a segment buffer which registers the intersec- 
tion data per segment. 

The intersection-data registering unit may gener- 
ate the intersection data per segment for each light 
source to register the generated data. 

The intersection-data registering unit may in- 
clude an updating unit for updating the intersection 
data each time a new ray-intercepting polygon is 
checked during the ray-interception check by the 
checking unit for one segment. 

The segment buffer may comprise a set of 
threads assigned with their respective identification 
codes to store the intersection data of each segment 
into a thread identified by their respective identifica- 
tion codes, whereby the intersection data of each 
segment on one polygon are processed in parallel by 
a plurality of processors equipped with the image 
generating apparatus. 

The image generating apparatus may comprise 
an intersection checking device for checking the poly- 
gons of the 3D model to find a polygon which is not 
illuminated by any light source, wherein the checking 
unit in the intensity computing device checks the 
polygons other than the unilluminated polygons 
checked by the intersection checking device. 

The intersection checking device may include a 
boundary box dividing unit for dividing a boundary 
box enclosing all the polygons into a plurality of vox- 
els, the boundary box dividing unit being character- 
ized in that it determines the number of division for the 
boundary box using a total the number of the poly- 
gons, a mean size of the polygons, and a size of the 
boundary box as parameters, and an intersection 
checking unit for checking an intersection between 
the voxels relative to the light source. 

The image generating apparatus may further 
comprise an attribute-data setting device for setting 
data related to a physical-property attribute including 
a reflection factor and a transmission factor of each 
polygon, wherein the intersection checking device 
checks the intersection between the polygons rela- 
tive to the light source by taking into account the phys- 
ical-property of each polygon, the intensity comput- 
ing device checks the ray-intercepting polygons by 
taking into account the physical-property attribute of 
the ray-intercepting polygons, and the ray-tracing 
unit traces the reflection of the second order by taking 
into account the physical-property attribute of the 
polygons located in a direction in which the ray re- 
flects. 

The above objects are fulfilled by a method of 
computing intensity across the visible polygons in an 
image generating apparatus for generating a realistic 
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2D image from a 3D model, comprising a 3D model 
dividing device for dividing a 3D model of an object 
into a plurality of polygons to define a spatial-occu- 
pancy of the 3D model, a light-source-data setting de- 

5 vice for setting data related to at least one light source 
illuminating the polygons, a view- point-data setting 
device for setting data related to a view point from 
which some of the polygons visible from the view 
point are observed, an intensity computing device for 

10 computing intensity across the visible polygons with 
the use of the light source data and the view point 
data. The method of computing intensity across the 
visible polygons comprises the steps of dividing each 
polygon into a plurality of segments to select a first 

is sample pixel in each segment to check whether there 
is any other polygon that intercepts a ray emanating 
from the light source through the first sample pixel, 
registering data identifying the ray-intercepting poly- 
gon in a segment buffer when such a ray-intercepting 

20 polygon is checked, selecting a second sample pixel 
from each segment to check whether any of the poly- 
gons registered in the segment buffer intercepts a ray 
emanating from the light source through the second 
sample pixel to select a pixel adjacent to the second 

25 sample pixel by skipping the ray-interception check 
for the second sample pixel when any of the regis- 
tered polygons intercepts the ray, checking whether 
any of non-registered polygons intercepts the ray 
emanating from the light source through the second 

30 sample pixel when none of the registered polygons in- 
tercepts the ray to register data identifying the poly- 
gons checked as to be the ray-intercepting polygons 
for the second sample pixel in the segment buffer, 
and tracing a reflection of a second order from any of 

35 the sample pixels when no ray-intercepting polygons 
are checked. 

The above objects are also fulfilled by an image 
generating apparatus for generating a realistic 2D 
image using a 3D model constructed by a computer. 

40 The image generating apparatus comprises a 3D 
model dividing device for dividing a 3D model of an 
object into a plurality of polygons to define a spatial- 
occupancy of the 3D model, a light-source-data set- 
ting device for setting data related to at least one light 

45 source that illuminates the polygons, an intersection 
checking device for checking the polygons of the 3D 
model to find a polygon which is not illuminated by 
any light source, and an intensity computing device 
for computing intensity across visible polygons by 

so one of a ray tracing method and a radios it y method 
with the use of the light source data and the view point 
data, wherein the intersection checking device in- 
cludes a boundary box dividing unit for dividing a 
boundary box enclosing all the polygons into a plur- 

55 ality of voxels, the boundary box dividing unit being 
characterized in that it determines the number of di- 
vision for the boundary box using a total number of 
the polygons, a mean size of the polygons, and a size 
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of the boundary box as parameters, and an intersec- 
tion checking unit for checking an intersection be- 
tween the voxels relative to the light source. 

The above objects are also fulfilled by an image 
generating apparatus comprising a shape input de- s 
vice for dividing an object into a set of polygons to de- 
fine a spatial-occupancy of the object a view-point- 
data setting device for setting data related to view 
point from which the polygons inputted with the shape 
input device are observed, an attribute-data-setting 10 
device for setting data related to a physical-property 
attribute of each polygon, a light-source-data setting 
device for setting data related to a light source illumin- 
ating the polygons, an intersection checking device 
for checking an intersection between the polygons 15 
supplied from the shape input device relative to the 
light source, an intensity computing device for com- 
puting intensity across each polygon by using the 
polygon's physical-property attribute data when no 
ray emanating from the light source through the poly- 20 
gon is intercepted by any other polygons, and a seg- 
ment buffer for registering data related to the inter- 
section of an arbitrary polygon for each light source. 

The image generating apparatus may further 
comprise a display device for displaying only the visi- 25 
ble polygons seen from the light source based on a 
result of the intersection-check by the intersection 
checking device. 

The above objects are fulfilled by an image gen- 
erating apparatus comprising a shape input unit for 30 
dividing an object into a set of polygons to define a 
spatial-occupancy of the object, a view-point-data 
setting unit for determining data related to a view 
point from which the polygons inputted with the shape 
input unit are observed, an attribute-data setting unit 35 
for setting data related to a physical-property attri- 
bute of each polygons, a light-source-data setting unit 
for setting data related to a light source illuminating 
the polygons, an intersection checking device for 
checking an intersection between the polygons sup- 40 
plied from the shape input device relative to the light 
source, and an intensity computing device for com- 
puting intensity across each polygon by using the 
polygon's physical-property attribute data when no 
ray emanating from the light source through the poly- 45 
gon is intercepted by any other polygons, wherein the 
intersection checking unit is characterized in that it 
creates a boundary box enclosing all the objects prior 
to the intersection-checkforan arbitrary polygon, div- 
ides a screen created by the view-point-data setting so 
unit into a set of rectangles of equal-size, checks the 
intersection between a ray emanating from the light 
source and a sample point in each rectangle on the 
screen, counts a number of the polygons that inter- 
sect with the ray in the boundary box, and further div- 55 
ides each rectangle into a set of smaller rectangles 
when the counted number is largerthan a mean value 
of the polygons obtained by dividing a total number of 



the polygons by a total number of the rectangles, and 
combines adjacent rectangles when the counted 
number is-smaller than the mean value. 

The intersection checking unit may be character- 
ized in that it subdivides each rectangle by 2 n . 

The above objects are also fulfilled an image 
generating apparatus comprising a shape input unit 
for dividing an object into a set of polygons to define 
a spatial-occupance of the object, a view-point-data 
setting unit for determining data related to a view 
point from which the polygons inputted with the shape 
input unit are observed, an attribute-data-setting unit 
for setting data related to a physical-property attri- 
bute of each polygons, a light-source-data setting 
unit for setting data related to a light source illumin- 
ating the polygons, an intersection checking device 
for checking an intersection between the polygons 
supplied from the shape input device relative to the 
light source, and an intensity computing device for 
computing intensity across each polygon by using the 
polygon's physical-property attribute data when no 
ray emanating from the light source through the poly- 
gon is intercepted by any other polygons, wherein the 
intersection checking unit is characterized in that it 
creates a boundary box enclosing all the objects prior 
to the intersection-check for an arbitrary polygon, 
computes optimal conditions for dividing the bound- 
ary box for the intersection-check using a total num- 
ber of the polygons within the boundary box, a mean 
area of the polygons, and a size of the boundary 
space as parameters, and determines a number of 
the division for the boundary box with optimal coeffi- 
cients computed in advance with a plurality of exper- 
imental scenes under a specific condition obtained 
as a result of the experiments. 

The above objects are also fulfilled by a method 
of generating an image characterized in that when 
computing intensity on one segment in an arbitrary 
polygon to check an intersection between polygons 
relative to one view direction, if a result of the inter- 
section-check shows that a ray emanating from a 
light source through a sample pixel on the segment is 
intercepted by any other polygon, an identification 
code assigned to a processor that has computed the 
intensity on the sample pixel and an identification 
code for each of the ray- intercepting polygons are 
registered in a segment buffer relative to each light 
source. 

The above objects are fulfilled by a method of 
generating an image characterized in that when com- 
puting a propagation of a thermal energy between 
polygons in a boundary box independent of a view 
point by using a segment buffer, an intersection be- 
tween a sample pixel and a ray emanating from a light 
source through the sample pixel and an intersection 
between a pixel on a segment adjacent to a segment 
of the sample pixel and a ray emanating from the light 
source through the pixel are checked in parallel, and 
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that a polygon whose pixels are totally shadowed by 
any other polygon is eliminated from a list of polygons 
subject to a display. 

The above objects are also fulfilled by a method 
of generating an image by creating a boundary box 
enclosing all objects when checking an intersection 
between an arbitrary polygon and a ray emanating 
from a light source, a process of dividing the bound- 
ary box. The method is characterized in that it com- 
prises the steps of dividing a screen on which the ob- 
ject is projected into a set of rectangles of equal-size, 
checking an intersection between a sample point in 
each rectangle on the screen and a ray emanating 
from a light source through the sample point, counting 
a nunber of the polygons that intersect with the ray in 
the boundary box, and further dividing the boundary 
by a larger number of division when the counted num- 
ber is larger than a mean value of the polygons ob- 
tained by dividing a total number of the polygons by 
a total number of the rectangles, and combines adja- 
cent rectangles when the counted number is smaller 
than the mean value. 

The intersection checking unit may be character- 
ized in that it subdivides each rectangle by 2 n . 

The above objects are also fulfilled by a method 
of generating an image by creating a boundary box 
enclosing all objects when checking an intersection 
between an arbitrary polygon and a ray emanating 
from a light source, a process of dividing the bound- 
ary box. The method is characterized in that it com- 
prises the steps of computing optimal conditions for 
dividing the boundary box for the intersection-check 
using a total number of the polygons within the bound- 
ary box, a mean area of the polygons, and a size of 
the boundary space as parameters, and determining 
a number of the division for the boundary box with op- 
timal coefficients computed in advance with a plural- 
ity of experimental scenes under a specific condition 
obtained as a result of the experiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages and fea- 
tures of the invention will become apparent from the 
following description thereof taken in conjugation with 
the accompanying drawings which illustrate specific 
embodiments of the invention. In the drawings: 
Fig. 1 is a block diagram of an image generating 
apparatus in accordance with the first embodi- 
ment of the present invention; 
Fig. 2 is a view explaining the intensity computing 
operation by an intensity computing unjt and in- 
tersection data registered in a segment buffer; 
Fig. 3 is a flowchart detailing a process called 
"rendering" used in the first embodiment; 
Fig. 4 is a view explaining the intersection-check 
operation by an intersection checking unit; 
Fig. 5 is a flowchart detailing the operation of the 



intensity computing unit ; 

Fig. 6 is a perspective view explaining the bound- 
ary-box-dividing operation by an intersection 
checking unit and an intensity computing unit of 

5 the second embodiment; 

Fig. 7 is a flowchart detailing the boundary-box- 
dividing operation by the intersection checking 
unit and intensity computing unit of the second 
embodiment; and 

10 Fig. 8 is a perspective view explaining the bound- 

ary-box-dividing operation by an intersection 
checking unit and an intensity computing unit of 
the third embodiment. 

1S DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIRST EMBODIMENT 

20 Fig. 1 depicts the structure of an image generat- 

ing apparatus in accordance with the first embodi- 
ment of the present invention. 

The image generating apparatus comprises the 
following components: a shape input unit 1 for receiv- 

25 ing input data; a view-point-data setting unit 2; an at- 
tribute-data-setting unit 3; a light-source-data setting 
unit 4; an intersection checking unit 5 for checking in- 
tersection conditions; a segment buffer6 for register- 
ing intersection data; an intensity computing unit 7 for 

do computing intensity across a polygon; and a display 
unit 8 for displaying an image. 

The shape input unit 1 includes: an object-data in- 
put unit for inputting objects to be modeled for an im- 
age display; a first division-processing unit for divid- 

35 ing each inputted object into a set of polygons; and a 
register unit for registering data as to a location in a 
boundary box and a shape of each polygon. The lo- 
cation data are registered in a scene-tree-structure, 
while the shape data a list-structure, or a hierarchial 

40 structure, which is simply referred to as the list here- 
inafter. The shape data consist of world coordin- 
ates^, y f z) of the vertices of each polygon and map- 
ping coordinates (u, v) on which the polygon maps. 
The location and shape data of the polygons regis- 

45 tered in the register unit are read out by the intersec- 
tion checking unit 5 t which checks the intersection 
between the polygons relative to a view point to de- 
termine the polygons illuminated by no light sources 
with the result of the intensity-computation by the in- 

50 tensity computing unit 7; the unilluminated polygons 
are eliminated from the list in the shape unit 1 . 

The view-point-data setting unit 2 includes: a 
view-point-data input unit for inputting data as to a 
view point such as its location, view direction, and 

55 zoom angle, from which the polygons in the boundary 
box are observed; and a view-point data-storage unit 
for storing the inputted view point data. The view point 
data, which correspond to the view point's location in 
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hidden-surface-removal programs using the "ray 
tracing", are supplied to the intersection checking unit 
5. 

The attribute-data setting unit 3 includes: an at- 
tribute-data input unit for inputting physical-property s 
attribute data as to a reflection factor or a transmis- 
sion factor of each polygon; and an attribute-data 
storage unit for storing the physical-property attribute 
data. The physical-property attribute data are sup- 
plied to the intensity computing unit 7 by the intersec- 10 
tion checking unit 5 for the intensity-computation us- 
ing the "ray tracing" or "radiosity". 

The light-source-data setting unit 4 includes: a 
light-source-data input unit for inputting data as to 
each light source that illuminates the boundary-box, 15 
such as its intensity, location, attenuation, and dis- 
tribution of light energy; an identification-code at- 
taching unit for attaching an identification code as- 
signed to each light source; a light-source-data stor- 
age unit for storing the light source data; a storing unit 20 
for storing the light-source-identification codes into 
the segment buffer 6; and a first data-delivering unit 
for delivering the light-source-identification codes 
and light source data to both the intersection check- 
ing unit 5 and intensity computing unit 7. 25 

The intersection checking unit 5 includes: a reg- 
istered-data reading out unit for reading out the poly- 
gons' location and shape data from the shape input 
unit 1; a view-point-data reading out unit for reading 
out the view point data from the view-point-data set- 30 
ting unit 2; a second data-delivering unit for delivering 
the polygons' location and shape data and view point 
data read outfrom their respective setting units to the 
intensity computing unit 7; a third data-delivering unit 
for delivering the physical-property attribute data 35 
read out from the attribute-data setting unit 3 to the 
intensity computing unit 7; a first receiving unit for re- 
ceiving the light source data from the light-source- 
data setting unit 4; a first boundary-box dividing unit 
for dividing a boundary box into a set of voxels of 40 
equal-size; a first checking unit for checking the inter- 
section between the polygons relative to the view 
point; a second receiving unit for receiving a render- 
ing-start command; a readout-data storing unit for 
storing the data related to the polygons read out by 45 
the registered-data reading out unit into the segment 
buffer 6 by attaching an identification code to each 
polygon; and a fourth data-delivering unit for deliver- 
ing the data related to the polygons determined as be- 
ing the visible polygons by the intersection checking 50 
unit 5 to the intensity computing unit 7 by attaching 
an identification code to each visible polygon. 

More precisely, the first boundary-box dividing 
unit divides the boundary box into a set of voxels of 
equal-size by referring to the world coordinates(x, y, 55 
z) contained in the polygons' location data read out by 
the registered-data reading out unit 

The first checking unit determines the visible 



polygons based on the their shape data read out by 
the registered-data reading out unit and the light 
source data received by the first receiving unit as well 
as the voxels formed by the first boundary-box divid- 
ing unit 

The segment buffer 6 registers intersection data 
supplied from the intensity computing unit 7. For ex- 
ample in Fig. 2, assume that a ray emanating from a 
light source 30 through a sample pixel 24 on a scan 
line, or a segment 22, on a polygon 21 is intercepted 
by another polygon, then intersection data 27 stores 
a thread identification code 25 for a processor 1 that 
has computed the intensity on the pixel 24, and a ray- 
intercepting-polygon identification code 26. The in- 
tersection data 27 may store the identification codes 
assigned to all the polygons that are illuminated by 
the light source. Likewise, intersection data 28 store 
the identification codes 25 and 26 with respect to a 
pixel 25. Note that the intensity computing unit 7 com- 
putes the intensity on all the segments on the polygon 
21 in parallel in this embodiment, the intensity com- 
puting unit 7 may eliminate the intersection data for 
the segments on the polygon 21 registered in the seg- 
ment buffer 6 when it has computed the intensity 
across the polygon 21 . 

The intensity computing unit 7 includes: a data 
receiving unit for receiving the polygons' location and 
shape data, view point data, attribute data read out 
from the shape input unit 1, view-point-data setting 
unit 2, and attribute-data setting unit 3, respectively 
by the intersection checking unit 5; a light-source- 
data receiving unit for receiving the light-source- 
identification code and light source data from the 
light-source-data setting unit 4; a first computing unit 
for computing the intensity across each polygon; a 
registration eliminating unit for eliminating the poly- 
gons determined as being illuminated by no light 
sources by the first computing unit from the list in the 
shape input unit 1; a second boundary-box dividing 
unit for dividing the boundary box into a set of voxels 
of equal-size by referring to the world coordinates 
contained in the polygons* location data delivered 
from the intersection checking unit 5: a second 
checking unit for checking the visible polygons by 
checking the intersection between the polygons rel- 
ative to the view point using the voxels and based on 
the view point data delivered from the intersection 
checking unit 5; a hidden-surface processing unit for 
removing hidden-surfaces with the view point data re- 
ceived by the data receiving unit; an intensity-map- 
ping unit for mapping the intensity on the pixels on 
each polygon calculated by the intensity computing 
unit 7 for each light source to obtain the intensity in 
the boundary box mapped in one 2D scene: a fifth 
data-delivering unit for delivering the data obtained by 
the intensity mapping unit to the display 8. 

More precisely, the first computing unit includes: 
a polygon-dividing unit for dividing each polygon into 
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a set of segments as is shown in Fig. 2; a thread as- 
signing unit for assigning the threads of plurality of the 
processors to their respective segments; a second 
computing unit for computing intensity on a sample 
pixel such as the pixels 24, 29 in the segments 22, 23 
based on the light source data received by the light- 
source-data receiving unit and the polygons' location 
and shape data and the physical-property attribute 
data received by the data receiving unit; a check- 
result registering unit for registering the intersection 
data into the segment buffer 6 - for example, when the 
rays emanating from the light source 30 through the 
pixels 24, 29 are intercepted by any other polygon and 
the intensity computing unit 7 computes a ©-intensi- 
ty, the thread identification codes 25 and ray-inter- 
cepting-polygon identification codes 26 relative to 
pixels 24, 29 are registered as the intersection data 
27, 28, respectively; a registration updating unit for 
updating the intersection data; and a referring unit for 
referring the intersection data registered in the seg- 
ment buffer 6 by reading them out for the intensity- 
computation for an adjacent pixel. 

The display unit 8 includes: an intensity-data re- 
ceiving unit for receiving the data obtained by the in- 
tensity computing unit 7; a display control unit for con- 
verting the received data into pixel data for the dis- 
play; and an image display unit for displaying a ren- 
dered image under the control of the display control 
unit. 

The operation of the above-constructed image 
generating unit will be explained with referring to 
Figs. 2-5. 

Fig. 3 is a flowchart detailing a process called 
"rendering", and Fig. 4 is a view explaining the inter- 
section-check between the polygons relative to the 
view point although the view of the voxels is omitted 
therein. 

To begin with, an operator inputs the object data, 
attribute data, and light source data into the shape in- 
put unit 1, attribute-data setting unit 3, and light- 
source-data setting unit 4, respect ively(Step 31). 

Upon the receipt of the rendering-start command, 
the intersection checking unit 5 divides a boundary 
box 47 into a set of voxels of equal-size(Step 32), and 
checks the intersection between polygons 45, 46 rel- 
ative to a light source 43(Step 33). To be more spe- 
cific, a screen 41 is formed to project the boundary 
box set by the intersection checking unit 5 a 2D 
scene, and a ray is fired from each light source 
through a sample pixel 42 on the screen. As a result, 
the polygon 46 is enclosed by two alternate long and 
short dash lines emanating from the light source 43 
and passing through the edge's end point's of the 
polygon 45. This means that the ray emanating from 
the light source 43 through the polygon 46 is totally in- 
tercepted by the polygon 45. 

When there are a plurality of light sources, the in- 
tersection checking unit 5 checks the intersection be- 
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tween the polygons relative to each light source(Step 
33). 

When Step 33 is repeated as many times as the 
number of light sources, the intensity computing unit 

5 7 computes the intensity across each visible polygon 
with "radiosity"(Step 34), which will be detailed by the 
flowchart in Fig. 5 and the view in Fig. 2. 

To compute the intensity across post-hidden- 
surface- removal polygons, or the visible polygons, 

10 the intensity computing unit 7 sets the single light 
source 30, and computes the intensity on each seg- 
ment on the polygon 21 f irst(Step 500). For example, 
the segments 22, 23 are assigned with the threads of 
their respective processors 1, 2, so that the intensity 

15 computing unit 7 computes the intensity on all the 
segments on the polygon 21 in parallel, making uni- 
form loading distribution possible. 

To be more specific, the intensity computing unit 
7 computes the intensity on the sample pixel 24 on 

20 the segment 22 and the sample pixel 29 on the seg- 
ment 23 relative to the light source 30 using the proc- 
essors 1, 2, respectively (Step 502). Then, the inten- 
sity computing unit 7 checks whether the pixel 24 is 
shadowed by any other polygons or not(Step 504): 

25 the pixel 24 exhibits the O-intensity when it is shad- 
owed by any other polygon, and accordingly, the in- 
tensity computing unit 7 registers the intersection 
data 27 consisting of the thread- identification code 
25 and ray-intercepting-polygon identification code 

30 26 into the segment buffer 6(Step 506); the pixel 24 
exhibits a value other than O as a result of the com- 
putation with the physical-property attribute data and 
light source data when the ray is not intercepted by 
any other polygon, and accordingly, the intensity 

35 computing unit 7 performs the "ray-tracing" for the re- 
flections beyond the second order(Step 508) to pro- 
ceed to Step 518. 

Subsequently, the intensity computing unit 7 
computes the intensity on a pixel adjacent to the sam- 

40 pie pixel, for example, a pixel 31 on the segment 
22(Step 510). The intensity computing unit 7 reads 
out the intersection data 27 from the segment buffer 
6 to check whether any of the ray-intercepting poly- 
gons for the pixel 24 also intercepts a ray emanating 

45 from the light source 30 through the pixel 31 (Step 
512). If the pixel 31 is also shadowed by any of the 
registered light-intercepting polygons, the intensity 
on the pixel 31 exhibits the O-intensity and the inten- 
sity computing unit 7 does not perform the "ray-trac- 

so ing" for the reflections beyond the second order, 
otherwise, the "ray tracing" for the reflections beyond 
the second order is performed as is in Step 508, but 
only when the pixel 31 is not shadowed by any other 
non-registered polygon either(Step 516). Subsequent 

55 to Steps 508, 516, the intensity computing unit 7 re- 
turns to Step 504 to compute the intensity on all the 
pixels in each segment sequentially by preceding to 
the right in the drawing. 

7 
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Accordingly, the intensity computing unit 7 
checks whether it has computed the intensity on all 
the pixels in the segments or not(Step 520). If not, the 
program returns to Step 510; otherwise, the program 
proceeds to Step 522, where the intensity computing s 
unit 7 checks whether it has computed the intensity 
across all the polygons or not; if yes, it terminates the 
intensity-computation; otherwise, it returns to Step 
500 to compute the intensity across a following poly- 
gon. 10 

With the operations explained thus far, the inten- 
sity on each pixel on all the polygons relative to the 
single light source 30 is computed. The intensity on 
each pixel on all the polygons relative to all the light 
sources will be computed by repeating the above op- 15 
erations as many times as the number of the light 
sources. 

When the intensity computing unit 7 completes 
the intensity-computation with "radiosity"(Step 34), it 
checks whether or not each polygon exhibits the O- 20 
intensity showing that the polygon is totally shadowed 
by one or more other polygons(Step 35). Accordingly, 
the intensity computing unit 7 eliminates such a poly- 
gon exhibiting the O-intensity from the list in the 
shape input unit 1(Step 36). Further, the intensity 25 
computing unit 7 divides the boundary box into a set 
of voxels of equal-size(Step 37), and checks the inter- 
section between the polygons relative to the view 
point based on the view point data while removing the 
hidden-surfaces(Step 38). Subsequently, the intensi- 30 
ty computing unit 7 performs a process called "inten- 
sity mapping" by convoluting the intensity on each 
pixel relative to each light source(Step 39), and the 
display control unit 8 converts the resulting data into 
the pixel data to display the rendered image(Step 40). 35 

The threads of the processors are assigned to 
their respective segments for the parallel-processing 
in Step 500; however, one segment may be divided by 
a plurality groups of pixels, so that each of the threads 
are assigned to their respective groups. Also, a thread 40 
of a single processor may be assigned to a plurality 
of segments. 

As well, a single processor may be used for a ser- 
ial-processing to keep the apparatus compact. Al- 
though the speed is decreased compared with this 45 
embodiment, but yet increased significantly com- 
pared with the conventional method. 

Although the intersection checking unit 5 checks 
the unilluminated polygons, it may check invisible 
polygons that are not seen from the view point. so 

In addition, the intensity computing unit 7 may 
skip Step 32 through Step 35 and compute the inten- 
sity with "ray-tracing" in Step 39, where the intensity 
is mapped. 

55 

SECOND EMBODIMENT 

An image generating apparatus in accordance 



with the second embodiment of the present invention 
will be explained with referring to Fig. 6. 

In general, objects placed at a great distance 
from each other will not intersect relative to the view 
point in the boundary box created for the "rendering" 
to enclose all the polygons being projected in the 
scene. Thus, these objects may not comply with the 
intersection conditions in some cases. Such objects 
can be checked at a high speed when the boundary 
box is divided into a set of voxels of equal-size in ad- 
vance to check the intersection between the voxels 
relative to the view point Fig. 6 shows an example of 
the boundary box divided into a set of voxels of equal- 
size. The boundary box is always divided into a pre- 
determined number of the voxels independent of the 
scenes in the first embodiment. However, it is more 
efficient when the number of voxels varies with the 
boundary boxes. For this reason, with the image gen- 
erating apparatus of the second embodiment, opti- 
mal values for the size and number of voxels are com- 
puted for each boundary box. 

Thus, the intersection checking unit 5 and inten- 
sity computing unit 7 of the second embodiment re- 
spectively include third boundary-box dividing units 
instead of the first and second boundary-box dividing 
units. The other components are identical with the 
first embodiment, and the detailed explained is omit- 
ted. 

Each third boundary-box dividing unit includes: a 
third computing unit for computing a total number of 
the polygons, an area of each polygon, a total area 
and a mean area of the polygons, and a size of the 
boundary box based on the data read out by the reg- 
istered-data reading out unit; an expression-of-rela- 
tion storage unit for storing an expression of relation 
that determines the number of division; a fourth com- 
puting unit for computing the number of division by 
substituting the total number and area of the poly- 
gons computed by the third computing unit and ade- 
quate coefficients into the expression of relation; a 
second division-processing unit for dividing the 
boundary box by the number of division computed by 
the fourth computing unit; a first voxel-intersection 
checking unit for checking the intersection between 
the voxels relative to the view point. 

More precisely, the third computing unit includes: 
a fifth computing unitfor computing two vectors shar- 
ing one vortex from the coordinates of the vortex con- 
tained in the polygons' shape data read out by the 
registered-data reading out unit to further compute 
the outer product thereof; a polygon-counting unit for 
counting a total number of the polygons enclosed in 
the boundary box; a sixth computing unit for comput- 
ing the mean area of the polygons by dividing the total 
area of the polygons computed by the third computing 
unit by the total number of the polygons counted by 
the polygon-counting unit - the mean area thus com- 
puted is deemed as to be the size of the each polygon; 
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and a seventh computing unit for computing a length 
of a diagonal D of the boundary box with the view 
point data read out by the view-point data reading out 
unit using the world coordinates of the boundary box 
- the diagonal D thus computed is deemed as to be 
the size of the boundary box. 

The expression of relation storage unit stores Ex- 
pression I used to compute the number of division Nl 
as follows: 

N1 = K1 x (polygon size/boundary - box size)- 1 + 
K2 x ln(the total number of the polygons) [Expres- 
sion L] 

The fourth computing unit substitutes the poly- 
gon's size, boundary box's size, and the total number 
of the polygons computed by the third computing unit 
into Equation 1 to compute Nl, wherein the decimal is 
counted as 1. 

The denominator in the first term in the right side 
represents the ratio of the mean area of the polygons 
to the size of the boundary box, giving an approxi- 
mate size of the polygons. The total number of the 
polygons in the second term of the second side rep- 
resents a logarithm for the total number of the poly- 
gons in the boundary box. Therefore, N1 is directly 
proportional to the number of the polygons enclosed 
in the boundary box. 

The inventors of the present invention has set a 
plurality of experimental cases where the polygons 
were distributed in a different manner in the same 
boundary box to determine optimal values for the 
coefficients such that minimize the time for the "ren- 
dering". As a result, a value of 0.2 and a value of 2.0 
are determined as being the optimal values for K1 
and K2, respectively. With these values, N1 in the di- 
rection of the world coordinates (X, Y, Z) ranges be- 
tween 5 and 50, and thus the number of the voxles 5 3 
and 50 3 . 

Expression 1 can be used for rendering an image 
of an object defined by a plurality of curved surfaces, 
such as an automobile; however, it can be used more 
efficiently for rendering an object defined by a plural- 
ity of linear polygons, such as a kitchen 

The explanation for the boundary-box dividing 
operation will be given in the following with referring 
to Fig. 7. For convenience, only the operation of the 
third boundary-box-dividing unit will be explained; for 
the rest is the same as the first embodiment. Note 
that the third boundary-box-dividing units in the inter- 
section checking unit 5 and intensity computing unit 
7 take the same procedure, but they operate indepen- 
dently for Steps 32 through 36 and Steps 37, 38 in Fig. 
3, respectively. 

The third boundary-box-dividing unit reads out 
the shape data(vertex coordinates) of each polygon 
from the shape input unit 1 to find two vectors sharing 
one vertex to compute the outer product thereof(Step 
70). Then, the third boundary-box-dividing unit 
counts the total number of the polygons and com- 
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putes the total area of the polygons to compute the 
mean area of the polygons by dividing the latter by the 
former(Step 72). 

The third boundary-box-dividing unit computes 

5 the size of the boundary box with the data read out 
by the view- point-data reading out unit (Step 74) to 
compute N1 by Expression 1(Step 76). Accordingly, 
the third boundary-box-dividing unit divides the 
boundary box, or a view volume, by N1 equally in the 

10 x, y, z coordinates(Step 78), and checks the intersec- 
tion between the voxles relative to a view point 
64(Step 80). As a result, it turns out that the voxel 62 
and voxel 63 do not intersect relative to the view point 
64. Thus, the third boundary-box-dividing unit com- 

15 putes the intensity across the polygons 65, 66 includ- 
ed in the voxels 62, 63 respectively without checking 
the intersection between the polygons 65, 66 relative 
to the view point 64, and directly removes the hidden- 
surfaces. This saves the time required for the inten- 

20 sity-computation significantly compared with the 
conventional method. 

THIRD EMBODIMENT 

25 An image generating apparatus in accordance 

with the third embodiment of the present invention 
will be explained with referring to Fig. 8. 

The image generating apparatus of the third em- 
bodiment is identical with that of the first embodiment 

30 except that the first and second boundary-box divid- 
ing units in the intersection checking unit 5 and inten- 
sity computing unit 7, are respectively replaced with 
fourth boundary-box-dividing units. Each fourth 
boundary-box-dividing unit comprises the following 

35 components: a third division-processing unit for div- 
iding a screen 81 into a set of rectangles 82 of equal- 
size in the x ( y world coordinates; a second pixel-in- 
tersection checking unit for checking the intersection 
between the polygons and a sample point in each rec- 

40 tangle, such as the center of the gravity, relative to a 
view point 84; an eighth computing unit for counting 
the number of the polygons(N2) determined as hav- 
ing the intersections with the sample pixel in each 
voxel relative to the view point 84 by the pixel inter- 

45 section checking unit; a ninth computing unit for 
counting the total number of the polygons enclosed in 
the boundary box to divide by the number of the rec- 
tangles to compute a mean number of the poly- 
gons^) within each rectangle; a fourth division- 

50 processing unit for computing the ratio of N2 to N3 for 
further dividing each rectangle by 2r when the ratio 
exceeds 1; a fifth division-processing unit for deter- 
mining the number of division In z- coord in ate in the 
World system in accordance with the number of divl- 

55 sion in x, y coordinates computed by the third- and 
fourth-division processing units; and a third voxel-in- 
tersection checking unit for checking the intersection 
between the voxles relative to the view point 84. 

9 
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The explanation of the boundary-box-dividing 
operation by the fourth boundary-box-dividing unit 
will be given in the following. Like in the second em- 
bodiment, only the operation of the fourth boundary- 
box-dividing unit will be explained for convenience. 

First of all, the fourth boundary-box-dividing unit 
divides the screen 81 into a set of the rectangles 82 
of equal-size in the x, y, coordinates in the World sys- 
tem. Then, the fourth boundary-box-dividing unit 
counts the number of polygons(N2) that intersect with 
a ray 85 emanating from the view point 84 with re- 
spect to the sample point 83. The fourth boundary- 
box-dividing unit also counts the total number of the 
polygons in the boundary box being projected on the 
screen 81 , which is divided by the number of the rec- 
tangles(herein 16) to compute a mean number of the 
polygons(N3). When the obtained ratio exceeds a val- 
ue of 1, the fourth boundary-box-dividing unit com- 
putes the ratio of N2 to N3 for subdividing the rectan- 
gle by 2 n , where a value of n is gradually increased. 
For example, when the obtained ratio exceeds a val- 
ue of 1 slightly, the intersection checking unit 5 sub- 
divides the rectangle by 4, Then, the fourth boundary- 
box-dividing unit again computes N2 with respect to 
a sample point in each subdivided rectangle 86 to 
compute the ratio of newly obtained N2 to N3. When 
the newly obtained N2 is still larger than N3(N2>N3), 
the rectangles 86 are further broken into a greater 
number of smaller rectangles. 

With the above operation, the size of the voxles 
can be adequately arranged to the number of the 
polygons enclosed in the boundary box. 

Subsequently, the fourth boundary-box-dividing 
unit determines the number of division in z-coordin- 
ate, using the number of division in x, y coordinates 
to divide the boundary box into a set of voxels of an 
optimal size to check an intersection between the re- 
sulting voxels relative to the view point 84. 

Although the present invention has been fully de- 
scribed by way of example with reference to the ac- 
companying drawings, it is to be noted that various 
changes and modification will be apparent to those 
skilled in the art. Therefore, unless otherwise such 
changes and modifications depart from the scope of 
the present invention, they should be construed as 
being included therein. 



Claims 



1. 



An image generating apparatus for generating a 
realistic 2D image using a 3D model constructed 
by a computer, the image generating apparatus 
comprising: 

a 3D model dividing means for dividing a 
3D model of an object into a plurality of polygons 
to define a spatial-occupancy of the 3D model: 

a Mght-source-data setting means for set- 
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ting data related to at least one light source that 
illuminates the polygons; 

•a view-point-data setting means for set- 
ting data related to a view point from which some 
of the polygons visible from the view point are ob- 
served; and 

an intensity computing means for comput- 
ing intensity across the visible polygons with the 
use of the light source data and the view point 
data, 

wherein the intensity computing means in- 
cludes: 

a checking unit for dividing each polygon 
into a plurality of segments to check whether or 
not a ray emanating from the light source through 
a sample pixel selected sequentially from the pix- 
els in each segment is intercepted by any other 
polygon; 

an intersection-data registering unit for 
registering data identifying the ray-intercepting 
polygon as intersection data each time such a 
ray-intercepting polygon is checked by the 
checking unit for the sample pixel; 

a checking control unit for checking ray-in- 
terception by the registered polygons for the 
sample pixel by the checking unit for a first pixel 
other than the sample pixel first to select a sec- 
ond pixel other than the sample andf irst pixels by 
skipping the ray-interception check for the first 
pixel when a ray emanating from the light source 
through the first pixel is also intercepted by any 
of the registered ray-intercepting polygons, and 
then to check the ray-interception check by non- 
registered polygons for the first pixel when the 
ray emanating from the light source through the 
first pixel is not intercepted by any of the regis- 
tered polygons; and 

a ray-tracing unit for tracing a reflection of 
a second order from the sample pixel when the 
checking unit checks no ray-intercepting poly- 
gons relative to the sample pixel. 

The image generating apparatus of Claim 1, 
wherein the checking unit divides the polygon into 
a set of the segments along a scan line to select 
an adjacent pixel one after another from the pix- 
els along the scan line. 

The image generating apparatus of Claim 2, 
wherein the intersection-data registering unit in- 
cludes a segment buffer which registers the inter- 
section data per segment. 

The image generating apparatus of Claim 3 f 
wherein the intersection-data registering unit 
generates the intersection data per segment for 
each light source to register the generated data. 
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5. The image generating apparatus of Claim 4, 
wherein the intersection-data registering unit in- 
cludes an updating unit for updating the intersec- 
tion data each time a new ray-intercepting poly- 
gon is checked during the ray-interception check 
by the checking unit for one segment. 

6. The image generating apparatus of Claim 4, 
wherein the segment buffer comprises a set of 
threads assigned with their respective identifica- 
tion codes to store the intersection data of each 
segment into a thread identified by their respec- 
tive identification codes, whereby the intersec- 
tion data of each segment on one polygon are 
processed in parallel by a plurality of processors 
equipped with the image generating apparatus. 

7. The image generating apparatus of Claim 1 f fur- 
ther comprising an intersection checking means 
for checking the polygons of the 3D model to find 
a polygon which is not illuminated by any light 
source, 

wherein the checking unit in the intensity 
computing means checks the polygons other 
than the unilluminated polygons checked by the 
intersection checking means. 

8. The image generating apparatus of Claim 7, 
wherein the intersection checking means in- 
cludes: 

a boundary box dividing unit for dividing a 
boundary box enclosing all the polygons into a 
plurality of voxels, the boundary box dividing unit 
being characterized in that it determines the num- 
ber of division for the boundary box using a total 
number of the polygons, a mean size of the poly- 
gons, and a size of the boundary box as parame- 
ters; and 

an intersection checking unit for checking 
an intersection between the voxels relative to the 
light source. 

9. The image generating apparatus of Claim 7, fur- 
ther comprising: 

an attribute-data setting means for setting 
data related to a physical-property attribute in- 
cluding a reflection factor and a transmission fac- 
tor of each polygon; 

wherein the intersection checking means 
checks the intersection between the polygons 
relative to the light source by taking into account 
the physical-property of each polygon, m 

the intensity computing means checks the 
ray-Intercepting polygons by taking into account 
the physical-property attribute of the ray-inter- 
cepting polygons; and 

the ray-tracing unit traces the reflection of 
the second order by taking into account the phys- 



ical-property attribute of the polygons located in 
a direction in which the ray reflects. 

10. In an image generating apparatus for generating 
5 a realistic 2D image from a 3D model, comprising 

a 3D model dividing means for dividing a 3D mod- 
el of an object into a plurality of polygons to define 
a spatial-occupancy of the 3D model, a light- 
source-data setting means for setting data relat- 

10 ed to at least one light source illuminating the 

polygons, a view-point-data setting means for 
setting data related to a view point from which 
some of the polygons visible from the view point 
are observed, an intensity computing means for 

15 computing intensity across the visible polygons 

with the use of the light source data and the view 
point data, a method of computing intensity 
across the visible polygons which comprises the 
steps of: 

20 dividing each polygon into a plurality of 

segments to select a first sample pixel in each 
segment to check whether there is any other poly- 
gon that intercepts a ray emanating from the light 
source through the first sample pixel; 

25 registering data identifying the ray-inter- 

cepting polygon in a segment buffer when such 
a ray-intercepting polygon is checked; 

selecting a second sample pixel from each 
segment to check whether any of the polygons 

30 registered in the segment buffer intercepts a ray 

emanating from the light source through the sec- 
ond sample pixel to select a pixel adjacent to the 
second sample pixel by skipping the ray-intercep- 
tion check for the second sample pixel when any 

35 of the registered polygons intercepts the ray; 

checking whether any of non-registered 
polygons intercepts the ray emanating from the 
light source through the second sample pixel 
when none of the registered polygons intercepts 

40 the ray to register data identifying the polygons 

checked as to be the ray-intercepting polygons 
for the second sample pixel in the segment buf- 
fer; and 

tracing a reflection of a second order from 
45 any of the sample pixels when no ray-intercepting 

polygons are checked. 

11. An image generating apparatus for generating a 
realistic 2D image using a 3D model constructed 

so by a computer, the image generating apparatus 

comprising: 

a 3D model dividing means for dividing a 
3D model of an object into a plurality of polygons 
to define a spatial-occupancy of the 3D model; 
55 a light-source-data setting means for set- 

ting data related to at least one light source that 
illuminates the polygons: 

an intersection checking means for check- 

11 
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ing the polygons of the 3D model to find a polygon 
which is not illuminated by any light source; and 
an intensity computing means for comput- 
ing intensity across visible polygons by one of a 
ray tracing method and a radiosity method with s 
the use of the light source data and the view point 
data, 

wherein the intersection checking means 
includes: 

a boundary box dividing unit for dividing a 10 
boundary box enclosing all the polygons into a 
plurality of voxels, the boundary box dividing unit 
being characterized in that it determines the num- 
ber of division for the boundary box using a total 
number of the polygons, a mean size of the poly- 1 s 
gons, and a size of the boundary box as parame- 
ters; and 

an intersection checking unit for checking 
an intersection between the voxels relative to the 
light source. 20 

12. An image generating apparatus comprising: 

a shape input means for dividing an object 
into a set of polygons to define a spatial-occupan- 
cy of the object; 25 

a view-point-data setting means for set- 
ting data related to a view point from which the 
polygons inputted with the shape input means 
are observed; 

an attribute-data-setting means for set- 30 
ting data related to a physical-property attribute 
of each polygon; 

a light-source-data setting means for set- 
ting data related to a light source illuminating the 
polygons; 35 

an intersection checking means for check- 
ing an intersection between the polygons sup- 
plied from the shape input means relative to the 
light source; 

an intensity computing means for comput- 40 
ing intensity across each polygon by using the 
polygon's physical-property attribute data when 
no ray emanating from the light source through 
the polygon is intercepted by any other polygons; 
and 45 

a segment buffer for registering data relat- 
ed to the intersection of an arbitrary polygon for 
each light source. 



13. The image generating apparatus of Claim 12, 
further comprising a display means for displaying 
only the visible polygons seen from the light 
source based on a result of the intersection- 
check by the intersection checking means. 

14. An image generating apparatus comprising: 

a shape input unit for dividing an object 
into a set of polygons to define a spatial-occupan- 
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cy of the object; 

a view-point-data setting unit for deter- 
mining data related to a view point from which the 
polygons inputted with the shape input unit are 
observed; 

an attribute-data setting unit for setting 
data related to a physical- property attribute of 
each polygons; 

a light-source-data setting unit for setting 
data related to a light source illuminating the poly- 
gons; 

an intersection checking means for check- 
ing an intersection between the polygons sup- 
plied from the shape input means relative to the 
light source; and 

an intensity computing means for comput- 
ing intensity across each polygon by using the 
polygon's physical-property attribute data when 
no ray emanating from the light source through 
the polygon is intercepted by any other polygons; 

wherein the intersection checking unit is 
characterized in that it creates a boundary box 
enclosing all the objects prior to the intersection- 
check for an arbitrary polygon, 

divides a screen created by the view-point- 
data setting unit into a set of rectangles of equal- 
size, 

checks the intersection between a ray 
emanating from the light source and a sample 
point in each rectangle on the screen, 

counts a number of the polygons that in- 
tersect with the ray in the boundary box, and 

further divides each rectangle into a set of 
smaller rectangles when the counted number is 
larger than a mean value of the polygons ob- 
tained by dividing a total number of the polygons 
by a total number of the rectangles, and combines 
adjacent rectangles when the counted number is 
smaller than the mean value. 

t5. The image generating apparatus of Claim 14, 
wherein the intersection checking unit is charac- 
terized in that it subdivides each rectangle by 2\ 

16. An image generating apparatus comprising: 

a shape input unit for dividing an object 
into a set of polygons to define a spatial-occu- 
pance of the object; 

a view-point-data setting unit for deter- 
mining data related to a view point from which the 
polygons inputted with the shape input unit are 
observed; 

an attribute-data-setting unit for setting 
data related to a physical-property attribute of 
each polygons; 

a light-source-data setting unit for setting 
data related to a light source illuminating the poly- 
gons; 
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an intersection checking means for check- 
ing an intersection between the polygons sup- 
plied from the shape input means relative to the 
light source; and 

an intensity computing means for comput- 5 
ing intensity across each polygon by using the 
polygon's physical-property attribute data when 
no ray emanating from the light source through 
the polygon is intercepted by any other polygons, 

wherein the intersection checking unit is 10 
characterized in that it creates a boundary box 
enclosing ail the objects prior to the intersection- 
check for an arbitrary polygon, 

computes optimal conditions for dividing 
the boundary box for the intersection-check us- 15 
ing a total number of the polygons within the 
boundary box, a mean area of the polygons, and 
a size of the boundary space as parameters, and 

determines a number of the division for the 
boundary box with optimal coefficients comput- 20 
ed in advance with a plurality of experimental 
scenes under a specific condition obtained as a 
result of the experiments. 

17. A method of generating an image characterized 25 
in that when computing intensity on one segment 

in an arbitrary polygon to check an intersection 
between polygons relative to one view direction, 
if a result of the intersection-check shows that a 
ray emanating from a light source through a sam- 30 
pie pixel on the segment is intercepted by any 
other polygon, an identification code assigned to 
a processor that has computed the intensity on 
the sample pixel and an identification code for 
each of the ray-intercepting polygons are regis- 35 
tered in a segment buffer relative to each light 
source. 

18. The method of generating an image of Claim 17 
characterized in that an intersection between ray 40 
emanating from the light source through a pixel 
adjacent to the sample pixel in the segment and 

the adjacent pixel is checked first, and that a ray- 
tracing for a reflection of a second order from the 
adjacent pixel is not performed when the ray 45 
emanating from the light source through the ad- 
jacent pixel is also intercepted by any of the poly- 
gons registered in the segment buffer. 

19. A method of generating an image characterized so 
in that when computing a propagation of a ther- 
mal energy between polygons in a boundary box 
independent of a view point by using a segment 
buffer, an intersection between a sample pixel 

and a ray emanating from a light source through 55 
the sample pixel and an intersection between a 
pixel on a segment adjacent to a segment of the 
sample pixel and a ray emanating from the light 



source through the pixel are checked in parallel, 
and that a polygon whose pixels are totally 
shadowed by any other polygon is eliminated 
from a list of polygons subject to a display. 

20. In a method of generating an image by creating 
a boundary box enclosing all objects when 
checking an intersection between an arbitrary 
polygon and a ray emanating from a light source, 
a process of dividing the boundary box character- 
ized in that it comprises the steps of: 

dividing a screen on which the object is 
projected into a set of rectangles of equal-size; 

checking an intersection between a sam- 
ple point in each rectangle on the screen and a 
ray emanating from a light source through the 
sample point; 

counting a number of the polygons that in- 
tersect with the ray in the boundary box; and 

further dividing the boundary by a larger 
number of division when the counted number is 
larger than a mean value of the polygons ob- 
tained by dividing a total number of the polygons 
by a total number of the rectangles, and combines 
adjacent rectangles when the counted number is 
smaller than the mean value. 

21. The method of Claim 20, wherein the intersection 
checking unit is characterized in that it subdivides 
each rectangle by 2 n . 

22. In a method of generating an image by creating 
a boundary box enclosing all objects when 
checking an intersection between an arbitrary 
polygon and a ray emanating from a light source, 
a process of dividing the boundary box character- 
ized in that it comprises the steps of: 

computing optimal conditions for dividing 
the boundary box for the intersection-check us- 
ing a total number of the polygons within the 
boundary box, a mean area of the polygons, and 
a size of the boundary space as parameters, and 

determining a number of the division for 
the boundary box with optimal coefficients com- 
puted in advance with a plurality of experimental 
scenes under a specific condition obtained as a 
result of the experiments. 
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